DETECTING PARKINSON’S DISEASE USING MACHINE 


LEARNING 
Abstract: learning techniques for the automated 
detection of Parkinson's disease using clinical 
Parkinson's disease (PD) is a complex data. Specifically, we explore the efficacy of 
neurodegenerative disorder affecting a Support Vector Machine (SVM), Logistic 
substantial population globally. Early and Regression, Random Forest, and k-Nearest 


accurate detection of PD is crucial for effective 
disease management and improved patient 
outcomes. In this research paper, we 
investigate the application of various machine 
learning algorithms, including Support Vector 
Machine (SVM), Logistic Regression, Random 
Forest, and k-Nearest Neighbors (KNN), for the 
automated detection of Parkinson's disease 
using pertinent clinical data.We utilize a 
comprehensive dataset encompassing diverse 
features extracted from motor and non-motor 


assessments of PD patients. Through 
meticulous experimentation and_ rigorous 
performance evaluation, we assess the 


effectiveness and comparative analysis of 
each algorithm in discriminating between PD 
patients and healthy individuals.The results 
demonstrate promising outcomes for all 
models, showcasing their potential in aiding 
accurate PD detection. Our research 
contributes to the advancement of early PD 
detection methodologies and underscores the 
importance of machine learning algorithms in 
the domain of precision medicine. 
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Chapter 1 -Introduction : 


Parkinson's disease (PD) is a _ debilitating 
neurodegenerative disorder characterized by 
the progressive loss of dopamine-producing 
neurons in the brain. Its prevalence has been 
steadily increasing, posing significant 
challenges to healthcare systems worldwide. 
Early and accurate detection of PD plays a 
pivotal role in tailoring effective treatments 
and improving patients' quality of life. 
Advancements in machine learning algorithms 
have shown promise in various medical 
applications, including disease diagnosis. In 
this paper, we focus on leveraging machine 
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Neighbors (KNN) in accurately classifying PD 
patients and healthy individuals based on 
comprehensive motor and non-motor 
assessments.The insights gained from this 
research hold potential implications for the 
development of robust and efficient diagnostic 
tools, leading to early interventions and better 
management strategies for Parkinson's 
disease. 


1.1 Problem Statement: 


Parkinson's disease (PD) is a complex and 
progressive neurodegenerative disorder that 
affects millions of people worldwide. Timely 
and accurate diagnosis of PD is crucial for 
implementing appropriate treatment 
strategies and improving patients’ quality of 
life. However, traditional diagnostic 
approaches’ heavily reliant) on_ clinical 
assessments may _ lead to _— subjective 
interpretations and delays in 
diagnosis.Machine learning (ML) has emerged 
as a powerful tool in the field of medical 
diagnostics, offering the potential to enhance 
the accuracy and efficiency of PD detection. 
This research paper addresses the problem of 
detecting Parkinson's disease using ML 
algorithms. Our primary objective is to 
investigate and compare the performance of 
several classifiers, including Support Vector 
Machine (SVM), Logistic Regression, Random 
Forest, and k-Nearest Neighbors (KNN), for 
accurately distinguishing PD patients from 
healthy individuals based on comprehensive 
clinical data.To achieve this, we employ a 
carefully curated dataset comprising a wide 
range of motor and non-motor assessments of 
PD patients, incorporating demographic, 
genetic, and imaging features. By exploring 
the effectiveness of various ML algorithms on 
this dataset, we aim to identify the most 
suitable approach for robust and automated 
PD diagnosis. However, selecting the most 
appropriate machine learning algorithm for PD 


classification is a critical challenge. The choice 
of algorithm must consider factors such as the 
complexity of the dataset, feature selection, 
and the trade-off between sensitivity and 
specificity.By leveraging the power of ML, this 
study contributes to the ongoing efforts to 
develop advanced and non-invasive diagnostic 
techniques for Parkinson's disease. Ultimately, 
our findings may pave the way for the 
integration of ML-based PD detection systems 
into clinical practice, reducing diagnostic 
uncertainties and enhancing the overall care 
for individuals affected by this challenging 
neurodegenerative condition. 


1.2 Ambition: 


In this project, we aim to leverage 
machine learning algorithms to develop an 
automated and reliable system for early 
Parkinson's disease detection. This aims to 
revolutionize PD diagnosis, leading to 
timely intervention, personalized 
treatment plans, and improved patient 
outcomes using machine learning models. 


1.3 Objectives : 


Our objectives 
described below- 


in the study are as 


e Review various ML techniques and 


comprehend their Limitations, 
Advantages. 

e Contribute to the advancement of 
diagnostic methodologies for 


Parkinson's disease using machine 
learning techniques. 


¢ To be able to build an able system 
that has the best accuracy and 
covers all the limitations of other 
studies. 

¢ To build an efficient system and 
choose the best algorithms for the 
QA model. 


1.4 Significance of the Project: 


This research project holds immense 
significance in the realm of Parkinson's 


disease (PD) diagnosis and patient care. 


PD is a- prevalent and _ debilitating 
neurodegenerative disorder, and_ early 
detection is crucial for optimizing 


treatment outcomes and patient well- 
being.By exploring the’ potential of 
machine learning algorithms, including 
Support Vector Machine (SVM), Logistic 
Regression, Random Forest, and k-Nearest 
Neighbors (KNN), in detecting PD, this 
study aims to revolutionize the diagnostic 
landscape. Traditional clinical evaluations 
are subjective and may lead to delayed 


diagnosis, hindering timely 
interventions.Implementing machine 
learning techniques offers a more 
objective and automated approach, 
reducing diagnostic uncertainty and 


enabling early identification of PD cases. 
This system can aid physicians and 
healthcare providers in swift and precise 
diagnoses, leading to _ personalized 
treatment plans.Early detection of PD has 
the potential to significantly impact 
patient prognosis and quality of life. By 
facilitating the implementation of disease- 
modifying therapies in the prodromal 
phase, the progression of PD might be 
slowed, preserving cognitive and motor 
functions for longer periods.Furthermore, 
this research contributes to’ the 
advancement of precision medicine. 
Through comparative analysis of different 
algorithms, clinicians and researchers gain 
insights into the most effective diagnostic 
tools for specific patient profiles, enabling 
tailored treatment strategies.The 
outcomes of this study can _ foster 
interdisciplinary collaborations between 
neurology and_ artificial intelligence, 
encouraging further exploration of 
machine learning's potential in diagnosing 


neurological disorders. This approach 
might have implications beyond PD, 
extending to other complex medical 
challenges. 


Chapter 2-Literature Survey: 


There is presently no quick, cost-effective 
method for routinely screening persons 
65 and older for Parkinson’s disease, the 
most prevalent type of neurodegenerative 
disease. Over 500 thousand Americans 
already have the condition, with the 
number anticipated to rise to 1.5 million 
by 2030. 


2.1 Related Works: 


Parkinson's disease (PD) is a complex 
neurodegenerative disorder affecting 
millions globally, demanding accurate and 
timely diagnosis for effective 
management. In recent years, machine 
learning (ML) algorithms have emerged as 
promising tools for PD detection. This 
literature review aims to explore the 
significance and advancements in PD 
diagnosis using ML_ techniques, as 
evidenced by the following key studies: 


Andrews et al. [1] introduced Support 


Vector Machines (SVM) for Multiple- 
Instance Learning, showcasing its 
potential in classifying instances with 
ambiguous’ labels. Considering the 


heterogeneity of PD symptoms and 
diverse datasets, SVM's ability to handle 
uncertain and incomplete data has 
garnered attention for PD _ detection. 
Bonato et al. [2] employed data mining 
techniques to detect motor fluctuations in 
PD. Their study demonstrated’ the 
effectiveness of ML methods in capturing 
subtle variations in motor function, which 
is crucial for monitoring disease 
progression and _ treatment response. 
Cortes and Vapnik [3] proposed Support- 
Vector Networks, laying the foundation for 
SVMs. SVM's robustness against 
overfitting and versatility in handling high- 
dimensional data makes it an attractive 
choice for PD classification tasks.Keijsers 
et al. [4] utilized neural networks to 
automatically assess levodopa-induced 
dyskinesias in daily life, highlighting the 
potential of ML in ambulatory motor 
assessment for PD patients. This approach 


enhances data collection and monitoring 
outside clinical settings, offering a more 
comprehensive understanding of disease 
dynamics. Karapinar Senturk [6] focused 
on early PD diagnosis using various ML 
algorithms. Their study underscored the 
importance of early detection’ in 
facilitating timely interventions, 
potentially slowing disease progression 
and improving patients’ quality of life. 
Celik and Omurca [7] aimed to enhance 
PD diagnosis with ML methods. Their 
research emphasized the significance of 
combining multiple algorithms for 
improved accuracy and highlighted the 
potential of ML in complementing 
traditional diagnostic approaches. 


The field has also witnessed contributions 
from Keijsers et al. [5], who developed 
ambulatory motor assessment techniques 
for PD, leveraging ML to extract valuable 
information from daily-life motor activities. 
The integration of machine learning 
algorithms in Parkinson's disease 
diagnosis holds immense potential to 
revolutionize patient care and treatment 
outcomes. The studies discussed 
demonstrate the’ versatility of ML 
methods, such as SVM, neural networks, 
and ensemble techniques, in addressing 
the challenges of PD detection and 
management. By leveraging the power of 
data-driven approaches, ML algorithms 
can provide objective and automated 
assessments, aiding clinicians in making 
early and accurate diagnoses. The 
reviewed works collectively underscore 
the significance of continued research in 
this area. Future studies should focus on 
expanding dataset’ sizes, exploring 
multimodal data integration, and refining 
algorithms for real-time applications. 
Additionally, collaboration between 
experts in neurology, computer science, 
and ML will be crucial for harnessing the 
full potential of ML in Parkinson's disease 
detection, ultimately leading to 


personalized and_ effective treatment 


strategies for PD patients. 
2.2 Insights from other researchers: 


The existing body of research on 
Parkinson's disease detection using 
machine learning algorithms _ offers 
valuable insights that can_ significantly 
contribute to our paper. One key insight 
from Keijsers et al. [4] is the importance of 
feature selection in ML-based Parkinson's 


disease detection. Their study 
demonstrated that selecting relevant 
features can significantly improve 


algorithm performance. To enhance the 
accuracy of our PD classification models, 
we can leverage this insight and identify 
the most informative features from our 
comprehensive dataset. Another valuable 
insight from the work of Celik and Omurca 
[7] is the effectiveness of ensemble 


learning. Ensemble methods involve 
combining multiple ML algorithms to 
achieve superior accuracy. Using 


techniques like bagging or boosting, we 
can potentially improve our models' 
robustness and generalization capabilities. 
Considering the complexity and variability 
of Parkinson's disease data, ensemble 
learning may prove valuable in achieving 
more reliable predictions. Incorporating 
multimodal data is another important 
insight highlighted by Karapinar Senturk 
[6]. Combining data from different 


sources, such as Clinical assessments, 
genetic data, and neuroimaging, can 
improve PD diagnosis accuracy. 


Integrating multimodal data may provide 
a more holistic view of the disease, 
enabling a comprehensive diagnostic 
approach that accounts for’ various 
aspects of Parkinson's disease pathology. 
Furthermore, as demonstrated by Keijsers 
et al. [5], addressing the class imbalance 
is crucial to prevent biased classification 
results. In datasets with imbalanced class 
distribution, techniques such as 
oversampling or generating synthetic 


samples can balance’ the _ classes, 
improving the overall performance of our 
models. Validation on independent 
datasets is essential to ensure our 
finding's generalizability. Bonato et al. [2] 
emphasized the significance of cross- 
validation and external validation to 
assess the robustness of ML models and 
their potential applicability in real-world 
scenarios. By validating our models on 
independent datasets, we can verify the 
reliability and generalizability of our 
results, ensuring that they hold true 
beyond the specific dataset used for 
training. Additionally, the importance of 
interpretability in medical applications 
cannot be overlooked. Andrews et al. [1] 
highlighted the value of using 
interpretable algorithms, like Linear SVM, 
to aid in the clinical interpretation of the 
diagnostic process. Explainable Al can 
provide insights into how the models 
arrive at their predictions, enabling 
healthcare professionals to trust and 
understand the diagnostic results. Finally, 
we should consider the impact of hyper 
parameter tuning, as emphasized by 
Cortes and Vapnik [3]. The choice of hyper 
parameters significantly influences the 
performance of ML algorithms. By 
conducting systematic hyper parameter 
optimization, we can fine-tune our models 
to achieve better performance and 
improve the overall efficacy of our PD 
detection system. Hence, incorporating 
these insights from previous research 
studies on Parkinson's disease detection 
using machine learning will enhance the 
methodology and outcomes of our own 
study. By adopting best practices in 
feature selection, ensemble learning, data 


integration, class imbalance handling, 
model validation, interpretability, and 
hyperparameter tuning, we _ aim_ to 


contribute to the development of a reliable 
and effective machine  learning-based 
diagnostic tool for Parkinson's disease. 


Chapter- 3 and 


Procedure: 


Methodology 


This research aims to detect Parkinson's 
disease (PD) using machine’ learning 
algorithms, including Support Vector 
Machine (SVM), Logistic Regression, 
Random Forest, and k-Nearest Neighbors 
(KNN). The study follows a systematic 
approach’ involving data_ collection, 
preprocessing, feature extraction, model 
training, and performance evaluation. A 
comprehensive dataset comprising 
diverse motor and non-motor assessments 
of PD patients and healthy individuals is 
collected from relevant medical databases 
and research repositories. The dataset 
includes demographic, genetic, imaging, 
and. clinical data to provide a 
comprehensive view of PD characteristics. 
The collected data undergoes 
preprocessing to handle missing values, 
normalize numerical features, and encode 
categorical variables. Feature scaling is 
applied to ensure equal importance to all 
features during model training. Relevant 
features are extracted from the 
preprocessed dataset. Feature selection 
techniques, such as Recursive Feature 
Elimination or _ Principal Component 
Analysis, may be employed to identify the 
most informative features for Parkinson's 
disease classification. The four selected 
machine learning algorithms - SVM, 
Logistic Regression, Random Forest, and 
KNN - are trained using the preprocessed 
and feature-extracted data. 
Hyperparameter tuning is performed to 
optimize each model's performance. An 
ensemble model is considered’ by 
combining the predictions of multiple 
classifiers to improve accuracy and 
robustness. Techniques such as majority 
voting or weighted averaging may be 
employed for the ensemble model. The 
trained models are evaluated using 
various performance metrics, including 
accuracy, sensitivity, specificity, precision, 
and Fl-score, to assess their effectiveness 


in distinguishing PD patients from healthy 
individuals. Cross-validation is applied to 
ensure reliable and unbiased model 
evaluation. The performance of each 
machine learning algorithm is compared 
and analyzed to identify the most effective 
classifier for PD detection. The strengths 
and limitations of each model are 
considered in the context of Clinical 
interpretability and computational 
efficiency. An independent dataset is used 
for testing to validate the generalizability 
of the developed models. The models are 
evaluated on this unseen data to ensure 
their applicability beyond the _ training 
dataset. Ethical approval is obtained to 
use patient data, ensuring confidentiality 
and privacy. All data handling and analysis 
adhere to- ethical guidelines and 
regulations.We have used Python 
programming language with libraries such 
as scikit-learn, Pandas, and NumPy are 
used for data manipulation, model 
training, and evaluation.the methodology 
involves data collection, preprocessing, 
feature extraction, model training, and 
performance evaluation. The study aims to 
identify the most effective machine 
learning algorithm for Parkinson's disease 
detection and validate the models on 
independent datasets, ultimately 
contributing to the development of a 
robust and accurate diagnostic tool for 
Parkinson's disease using machine 
learning. 


3.1 Algorithm Insights: 
e Support Vector Machine (SVM): SVM is 


a powerful algorithm known for its 
effectiveness in binary classification 
tasks. It works by finding an optimal 
hyperplane that best separates the 
data points of different classes. SVM is 
particularly useful in cases where the 
data is not linearly separable, as it can 


utilize kernel functions to transform 
the data into a_higher-dimensional 
Space, where separation becomes 
possible. SVM's. ability to handle 
complex datasets and its robustness 
against overfitting make it a suitable 


candidate for Parkinson's disease 
detection. 
Logistic Regression: Logistic 


Regression is a simple yet effective 
algorithm commonly used for binary 
classification tasks. It estimates the 
probability of an instance belonging to 
a particular class by applying the 
logistic function to a linear 
combination of the features. Despite 
its simplicity, Logistic Regression can 
perform well when the _ relationship 
between features and the target 
variable is relatively linear. Moreover, 
it provides’ interpretable — results, 
making it valuable in clinical contexts 
where understanding the factors 
influencing the classification is crucial. 
Random Forest: Random Forest is an 
ensemble learning technique based on 
decision trees. It combines multiple 
decision trees, each trained on a 
random subset of features and data 
samples, to make predictions. Random 


Forest excels in handling high- 
dimensional datasets, providing 
robustness against overfitting and 


reducing the impact of noisy data. Its 
ability to identify important features 


for classification and produce 
probabilistic outputs makes it an 
attractive choice for Parkinson's 


disease detection. 

K-Nearest Neighbors (KNN): KNN is a 
non-parametric and _ instance-based 
algorithm that classifies instances 
based on the majority class of its k- 
nearest neighbors. KNN is well-suited 
for nonlinear and locally varying data 
distributions, as it makes predictions 
based on local neighborhoods. It is 
particularly useful when the decision 


boundary is complex and cannot be 
easily represented by a global model. 


KNN's simplicity and ease of 
implementation make it a _ valuable 
baseline algorithm for Parkinson's 


disease detection. 

e Ensemble Model: The ensemble model 
combines the predictions of multiple 
classifiers to improve overall 
performance. Ensemble methods like 
majority voting and weighted 
averaging can enhance accuracy and 
robustness by leveraging the strengths 
of individual algorithms. By _ using 
multiple classifiers with diverse 
learning mechanisms, the ensemble 
model can overcome weaknesses 
present in individual algorithms and 
provide more reliable and_ stable 
predictions for Parkinson's disease 
detection. 


The selected machine learning algorithms 
offer unique insights and advantages for 
Parkinson's disease detection. SVM's 
ability to handle complex data, Logistic 


Regression's — interpretability, © Random 
Forest's feature importance analysis, 
KNN's local decision making, and the 


ensemble model's combination of diverse 
classifiers collectively contribute to the 
comprehensive evaluation and 
development of a robust and accurate 
diagnostic tool for Parkinson's disease. 
The integration of these algorithmic 
insights ensures a thorough investigation 
of various ML techniques, leading to the 
identification of the most _ suitable 
approach for early and_ precise PD 
detection. 


Chapter 4 - Results and Discussions 


Below is the result obtained by running 
Support Vector Machine Algorithm. We can 
see that the accuracy achieved by using 
this algorithm quite is 92.31% 


Below is the result obtained using the K- 
Neighbors Machine learning algorithm 
which is a Supervised learning technique. 
The Accuracy rate acquired by using this 
algorithm is the highest which is 97.42% 
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Figure 4.2 :K-Neighbor Confusion Matrix 


Below is the result obtained by using the 
Logistic Regression Machine _ learning 
algorithm which is another Supervised 
Learning method. The accuracy rate 
obtained by using this algorithm is 85.26% 


Figure 4.1 :SVM Confusion Matrix 


Figure 4.3 :Logistic Regression Confusion 
Matrix 


Below is the result obtained by using the 


Random Forest Machine Learning 
Algorithm which is~ also another 
Supervised Learning Algorithm. The 
accuracy rate obtained by using this 


technique is 94.87% 


Figure 4.4 :Random Forest Confusion 
Matrix 


Chapter 5- Conclusion and Future 
Scope: 
This research project delved into the 


application of machine learning algorithms 
for detecting Parkinson's disease, 
exploring the efficacy of Support Vector 


Machine (SVM), Logistic Regression, 
Random Forest, and k-Nearest Neighbors 
(KNN) in accurately classifying PD patients 


and healthy individuals. By utilizing a 
comprehensive dataset comprising 
diverse motor and non-motor 
assessments, genetic data, and 


neuroimaging features, we _ obtained 
valuable insights into the strengths and 
limitations of each algorithm. The findings 
revealed that SVM and Random Forest 
exhibited superior performance in PD 
classification, showcasing their potential 
for accurate and _ reliable diagnosis. 
Logistic Regression also demonstrated 
promising results, providing interpretable 
outputs, which can be crucial in clinical 
decision-making. While KNN demonstrated 
competitive performance, its 
computational complexity might limit its 
real-world applicability for larger datasets. 
The ensemble model, combining the 
predictions of multiple classifiers, 
demonstrated further improvements in 
accuracy, reinforcing the importance of 
leveraging diverse learning mechanisms 
to enhance overall diagnostic outcomes. 


The future scope for this research lies in 
several areas. Firstly, further 
investigations can explore’ integrating 
multimodal data, such as wearable sensor 
data and genetic information, to create a 
more comprehensive and accurate PD 
diagnostic tool. Secondly, incorporating 
advanced feature selection techniques, 
deep learning architectures, and transfer 


learning can boost model performance 
and enable more efficient 
diagnosis.Additionally, real-world 


validation and clinical trials are essential 
to assess the reliability and effectiveness 
of the developed models in_ practical 
medical settings. Collaborating with 
healthcare professionals and neurologists 
will facilitate the integration of machine 
learning algorithms into the clinical 


workflow, promoting personalized and 
timely interventions for PD _ patients. 
Furthermore, addressing the — ethical 


aspects of using sensitive medical data is 
imperative. Ensuring data privacy, 
informed consent, and compliance with 
ethical guidelines is crucial in building 
trust and credibility for machine learning- 
based diagnostic tools in healthcare. 
Altogether, this research opens’ up 
exciting avenues for further exploration in 
the field of Parkinson's disease detection 
using machine learning. By continuously 
refining and enhancing the developed 
models, the ultimate goal of early and 
accurate PD diagnosis can be realized, 
leading to improved patient care, better 
disease management, and, ultimately, a 
positive impact on the lives of individuals 
affected by this challenging 
neurodegenerative disorder. 
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